The Segura River Basin (SRB), located in the South East of Spain, has the lowest percentage of renewable water resources of all the Spanish basins. Therefore, knowledge of the annual rate of water reservoir sedimentation is an important issue to be resolved in one of the most water-stressed regions in the western Mediterranean basin. This paper describes the sensors developed in collaboration with technology-based enterprises (aerial drone, floating drone, and underwater drone), and the methodology for integration of the different types of data acquired to monitor the reservoirs of the SRB. The proposed solution was applied to 21 reservoirs of the SRB. The proposed methodology is based on the use of unmanned aerial vehicles (UAV) for photogrammetry of the reservoir surface area. For each reservoir, two flights were completed, with 20 cm and 5 cm resolution, respectively. Then, a triangular irregular network mesh was generated by GIS techniques. Surface water vehicles (USV) and underwater remote-operated vehicles (ROV) were used to undertake bathymetric surveys. In addition, water quality measurements were made with an ROV device. The main results consist of topographic and bathymetric measurements for each reservoir, obtained by using equipment based on OpenSource technology. According to the results, the annual rate of storage capacity loss of water resources in the SRB´s reservoirs is 0.33%.
Introduction
The reservoirs in Spain began to be built in the time of the Romans, although most were of small size. During 19th century in Spain, relevant hydraulic infrastructures were built and changing of the water management with new institutions, such as the Isabel II Channel. However, it was in the middle of the 20th century that the boom in the construction of the Spanish reservoirs began. At present, there are more than 1200 reservoirs in Spain, with a capacity of 5.6 × 10 9 m 3 . Many of them already have a certain age (more than 400 were built prior to 1960); therefore, important efforts are necessary to update their bathymetry.
Bathymetry is the measurement of water depth: the distance from bottom to water surface (sounding). Sounding line consists of taking points with heavy weights and building the isobars; this methodology was used for over than 2000 years, until the first half of the 20th century. The technological advances allowed for the development of an echo-sounder or fathometer, an instrument based on the reflection of sound signals [1] . Sound Navigation and Ranging is a method to improve the precision Nido Robotics S.L.) in the development of three types of unmanned vehicle based on the open source autopilot ArduPilot [15, 16] , capable of controlling UAV [17, 18] , USV [19] , and ROV [20] . This type of technology can also be used to measure the physical and chemical parameters of water bodies-such as the dissolved oxygen (DO), electrical conductivity (EC), oxidation-reduction potential (ORP), relative amounts of free hydrogen and hydroxyl ions in logarithmic units (pH), and the temperature of the water [11, 21] -or can be installed in an airborne sensor platform [22, 23] .
Materials and Methods

Case Study Site
The SRB (Figure 1 ) has an area of 19,025 km 2 and a population of 1,948,453 inhabitants (in 2017). It is characterized by a strongly negative atmospheric water balance (average precipitation below 300 mm year −1 , potential evaporation above 1200 mm year −1 ), limited groundwater resources, shallow soils, and recurrent droughts, leading to a highly vulnerable natural water resources system. The 36 reservoirs of the SRB currently have a regulation capacity of 1.141 × 10 9 m 3 and occupy 7334 ha. The estimated total water demand in the SRB for 2015 [24] was 1.726 × 10 9 m 3 , agricultural activity accounting for 86.15%, followed by urban demand (10.95%), environmental uses (1.74%), services (0.64%), and industry (0.52%).
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The SRB ( Figure 1 ) has an area of 19,025 km 2 and a population of 1,948,453 inhabitants (in 2017). It is characterized by a strongly negative atmospheric water balance (average precipitation below 300 mm year −1 , potential evaporation above 1200 mm year −1 ), limited groundwater resources, shallow soils, and recurrent droughts, leading to a highly vulnerable natural water resources system. The 36 reservoirs of the SRB currently have a regulation capacity of 1.141 × 10 9 m 3 and occupy 7334 ha. The estimated total water demand in the SRB for 2015 [24] was 1.726 × 10 9 m 3 , agricultural activity accounting for 86.15%, followed by urban demand (10.95%), environmental uses (1.74%), services (0.64%), and industry (0.52%). The Table 1 presents some characteristics of the reservoirs (primary use, area, first year of operation, and reservoir volume in 10 6 m 3 ) of the SRB. The Table 1 presents some characteristics of the reservoirs (primary use, area, first year of operation, and reservoir volume in 10 6 m 3 ) of the SRB.
The Table 2 presents some characteristics of the selected basins (area and maximum altitude above sea level) and reservoirs (coronation height and reservoir surface area) of the SRB. The criteria used to select the study reservoirs were mainly based on their ages (Alfonso XIII was built in 1916, and Valdeinfierno in 1806), but also considered the needs of the water agency; for instance, when there is not a valid bathymetry because the reservoir is very recent (e.g., Cárcabo and Puentes). Considering recent morphological characterization of the selected reservoirs, derived from topographic and bathymetric surveys, the corresponding height-area-volume curves were obtained for each reservoir [25, 26] .
Unmanned Aerial Vehicle (UAV) for Photogrammetry
For the analysis of the surface area, a Sony QX1 photogrammetric camera controlled by an Autopilot in a Droning D-650 and D-820 multirotor drone (Figure 2 ) was chosen. It was developed by Droning (Droning, Seville, Spain). To obtain a high-resolution photogrammetric flight, the camera was installed on a Cessna 150 aerobat aircraft (flying at 200 m above ground level for a resolution of 20 cm), then a digital model of the surfaces was developed with high precision. The main components of the UAV were a frame, motors, propellers, electronic speed controllers, a flight controller (Pixhawk, 3DR Robotics, Berkeley, CA, USA), a Global Positioning System (GPS) receiver (Ublox, Zurich, Switzerland), a telemetry radio transmitter (3DR Robotics, Berkeley, CA, USA), and a power supply (Tattu, Dublin, CA, USA). Mission Planner software was used to specify the flight boundary, waypoints, and autonomous navigation details, and to configure integrated sensors/actuators. The Sony QX1 camera acquires 20.1-megapixel images (red, R; Green, G; and Blue, B, bands) with 8-bit radiometric resolution and is equipped with a 16-50 mm zoom lens. The photogrammetric process requires all the frames to be georeferenced (i.e., scaled, translated, and rotated) into a target Geodetic System (i.e., the World Geodetic System, WGS84), using the ground control points (GCPs) coordinates to minimize geometric distortion. The co-registration errors in X, Y, and Z were automatically derived by Photoscan Agisoft (Agisoft LC, St., Petersburg, Russia) as the difference between the positions of the GCP centroids measured through Real Time Kinematic (RTK) GPS and the coordinates derived from the imagery. The coordinates of the GCPs were acquired through a traditional technique by means of a Leica-Geosystems Station TPS1200 (Leica Geosystems AG, Hauptsitz, Heerbrugg, Switzerland).
For each reservoir, two flights were made, with 20 and 5 cm resolution, respectively. Figure 3 presents the methodology used to define the waypoints for Santomera reservoir, considering the two different resolutions. For inclusion in the photogrammetric process, the collected images were assessed for their quality and spatial coverage. Blurred and distorted frames were excluded from the generation of the standard geomatic products (i.e., orthoimage, digital terrain model (DTM), and point cloud) via Photoscan Pro version 1.1.6 (Agisoft LC, St. Petersburg, Russia) or Drone2Map for ArcGiS version 1.3.2 (ESRI, Redlands, CA, USA). The photogrammetric process requires all the frames to be georeferenced (i.e., scaled, translated, and rotated) into a target Geodetic System (i.e., the World Geodetic System, WGS84), using the ground control points (GCPs) coordinates to minimize geometric distortion. The co-registration errors in X, Y, and Z were automatically derived by Photoscan Agisoft (Agisoft LC, St., Petersburg, Russia) as the difference between the positions of the GCP centroids measured through Real Time Kinematic (RTK) GPS and the coordinates derived from the imagery. The coordinates of the GCPs were acquired through a traditional technique by means of a Leica-Geosystems Station TPS1200 (Leica Geosystems AG, Hauptsitz, Heerbrugg, Switzerland).
For each reservoir, two flights were made, with 20 and 5 cm resolution, respectively. Figure 3 presents the methodology used to define the waypoints for Santomera reservoir, considering the two different resolutions. The digital terrain model (DTM) was derived by triangulation from the spatial resolutions of 20 cm and 5 cm (Figure 4 ). Considering the closest vertex of the National Geodetic Network to each reservoir, supporting points were taken with bi-frequency GPS. The images were obtained with an overlap of over 70% [27] and were processed with Agisoft PhotoScan photogrammetric software. Subsequently, the point cloud with known X, Y, Z coordinates was calculated in the official terrestrial space reference system (ETRS89) and in the official vertical spatial reference system in Spain (EVRS89) based on the Earth Gravitational Model (EGM2008) by the National Geospatial-Intelligence Agency (NGA) EGM Development Team [28] . Subsequently, a Triangular Irregular Network (TIN) mesh was generated using ArcGiS 10.5 (ESRI, Redlands, CA, USA) and this was used to calculate the volume of the reservoir [29] . The digital terrain model (DTM) was derived by triangulation from the spatial resolutions of 20 cm and 5 cm (Figure 4 ). Considering the closest vertex of the National Geodetic Network to each reservoir, supporting points were taken with bi-frequency GPS. The images were obtained with an overlap of over 70% [27] and were processed with Agisoft PhotoScan photogrammetric software. Subsequently, the point cloud with known X, Y, Z coordinates was calculated in the official terrestrial space reference system (ETRS89) and in the official vertical spatial reference system in Spain (EVRS89) based on the Earth Gravitational Model (EGM2008) by the National Geospatial-Intelligence Agency (NGA) EGM Development Team [28] . Subsequently, a Triangular Irregular Network (TIN) mesh was generated using ArcGiS 10.5 (ESRI, Redlands, CA, USA) and this was used to calculate the volume of the reservoir [29] .
Subsequently, the point cloud with known X, Y, Z coordinates was calculated in the official terrestrial space reference system (ETRS89) and in the official vertical spatial reference system in Spain (EVRS89) based on the Earth Gravitational Model (EGM2008) by the National Geospatial-Intelligence Agency (NGA) EGM Development Team [28] . Subsequently, a Triangular Irregular Network (TIN) mesh was generated using ArcGiS 10.5 (ESRI, Redlands, CA, USA) and this was used to calculate the volume of the reservoir [29] . Figure 5 shows the USV used in the field experiment; a depthometer and a Global Navigation Satellite System (GNSS) receiver are mounted and synchronously collect water depth and position data with high accuracy. The depthometer is an Airmar 50/200 kHz (Airmar Technology Corporation, Milford, Connecticut, USA). The measuring range is 0.5 m to 100 m and the accuracy is ±10 mm. The GNSS receiver is an Emlid Reach RS (Emlid Ltd, Hong Kong, China), the horizontal positioning accuracy (in the Real Time Kinematic, RTK model) is about 10 mm, and the vertical positioning accuracy is about 20 mm. It was developed by Inntelia (IPH Ltd, Huelva, Spain). The specifications are shown in Table 4 . Figure 6 shows the remote operated vehicle-ROV used in the field experiment; a depthometer and a GNSS receiver (Emlid Ltd, Hong Kong, China) are mounted and synchronously collect water The bathymetric survey consisted of obtaining the coordinates (x, y, z) of a large number of elevation points of the floor of the reservoir (depth), by using an echo sounder or sonar installed in a floating drone, in a submerged drone, or on a semi-rigid boat [13] . The absolute position was simultaneously obtained with the GNSS RTK receiver. The drone carries a GNSS receiver and antenna, an autopilot based on ArduPilot, a microcomputer (based on a Raspberry Pi) to store the recorded data, and a Radio Modem UHF system. In this way, all the data can be integrated and a depth value can be calculated with respect to the mean sea level in Alicante according to INSPIRE Infrastructure for Spatial Information in Europe; for this, a geodetic vertex was used as support. The maximum speed of navigation of the drone or the boat was 2 m/s to obtain a precise synchronization of the echo sounder data with the GNSS receiver, thus permitting the transformation of the heights into depths with respect to the reference geodetic vertex. Figure 6 shows the remote operated vehicle-ROV used in the field experiment; a depthometer and a GNSS receiver (Emlid Ltd, Hong Kong, China) are mounted and synchronously collect water depth and position data of high accuracy. The depthometer is an Airmar DST 700 (Technology Corporation, Milford, Connecticut, USA). The measuring range is 0.5 m to 100 m. The GNSS receiver is a 3DR model. The specifications are shown in Table 5 .
Surface Water Vehicles (USV) for Bathymetric Surveys
Remote Operated Vehicle (ROV) for Bathymetric Surveys and Water Quality Measurements
The bathymetric survey consisted of obtaining the coordinates (x, y, z) of a large number of elevation points of the submerged surface of the reservoir, by using an echo sounder or sonar installed in the ROV [13] . 
LiDAR Data
The airborne laser imaging detection and ranging data (LiDAR) correspond to the National Plan of Aerial Orthophotography-Plan Nacional de Ortofotografía Aérea (PNOA)-of 2009, for the Spanish National Geographic Institute (IGN) model ALS50 (Leica Geosystems AG, Heerbrugg, Switzerland), with a low point density of 0.5 points/m² but with total coverage throughout the SRB. Even considering its low resolution, a digital surface model (DSM) was obtained by triangulation at a spatial resolution of 1 meter. The LiDAR data were processed with LAStools (Rapidlasso GmbH, Gilching, Germany) and ArcGiS 10.5 software (ESRI, Redlands, CA, USA) ( Figure 7 ). The echo sounder device is an Airmar DST 700 (Airmar Technology Corporation, Milford, CA, USA), the drone carries a GNSS receiver and antenna, an autopilot based on ArduPilot, and a microcomputer (based on a Raspberry Pi) to store the recorded data, and the control is carried out by means of a joystick connected with a polyethylene cable covered with kevlar. The measurement process consists of recording the depth with the echo sounder and, simultaneously, the absolute position with the GNSS receiver. In this work, the ROV was equipped with an open-source electronic sensors platform to measure the temperature, electrical conductivity (EC), dissolved oxygen (DO), oxidation reduction potential (ORP), temperature (Tª) and pH of the water (Atlas Scientific, New York, NY, USA). The open-source electronic sensors platform (Arduino Mega 2560, Ivrea, Italy) was developed by Nido Robotics SL. (Nido Robotics SL, Murcia, Spain), based on the model BlueRov2 (Blue Robotics In., Torrance, CA, USA).
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Figure 7. LiDAR data (a), orthophotography (b), bathymetric and LiDAR data (c), and 3D model (d)
of the Puentes reservoir. The height is referred to the sea level in Alicante.
Methodology for the Integration of Altimetry Data
The photogrammetric and bathymetric data were integrated in an ArcGiS 10.5 geodatabase containing the LiDAR data of each reservoir. Using all the data, a digital elevation model was generated with a spatial resolution of 1 m, to perform the cubing for each isobath (m) and thus to compute the volume (m 3 ) for each reservoir. The volume between each isobath was calculated, starting at the deepest level and finishing at the isobath corresponding to the maximum level of the reservoir. The final result corresponds to the height-volume relationship that is the current capacity curve. The applied methodology is represented in the flowchart of Figure 8 . The surface area enclosed by the curve of each level was estimated to obtain the storage capacity of the reservoir. To obtain the updated capacity of the reservoir, the volume between the curves of consecutive levels was calculated by applying Equation (1) . Once all the points had been numbered, the network was adjusted planimetrically to the National Geodesic Network and 
The photogrammetric and bathymetric data were integrated in an ArcGiS 10.5 geodatabase containing the LiDAR data of each reservoir. Using all the data, a digital elevation model was generated with a spatial resolution of 1 m, to perform the cubing for each isobath (m) and thus to compute the volume (m 3 ) for each reservoir. The volume between each isobath was calculated, starting at the deepest level and finishing at the isobath corresponding to the maximum level of the reservoir. The final result corresponds to the height-volume relationship that is the current capacity curve. The applied methodology is represented in the flowchart of Figure 8 . 
The photogrammetric and bathymetric data were integrated in an ArcGiS 10.5 geodatabase containing the LiDAR data of each reservoir. Using all the data, a digital elevation model was generated with a spatial resolution of 1 m, to perform the cubing for each isobath (m) and thus to compute the volume (m 3 ) for each reservoir. The volume between each isobath was calculated, starting at the deepest level and finishing at the isobath corresponding to the maximum level of the reservoir. The final result corresponds to the height-volume relationship that is the current capacity curve. The applied methodology is represented in the flowchart of Figure 8 . The surface area enclosed by the curve of each level was estimated to obtain the storage capacity of the reservoir. To obtain the updated capacity of the reservoir, the volume between the curves of consecutive levels was calculated by applying Equation (1) . Once all the points had been numbered, the network was adjusted planimetrically to the National Geodesic Network and The surface area enclosed by the curve of each level was estimated to obtain the storage capacity of the reservoir. To obtain the updated capacity of the reservoir, the volume between the curves of consecutive levels was calculated by applying Equation (1) . Once all the points had been numbered, the network was adjusted planimetrically to the National Geodesic Network and altimetrically to the data of the reservoir. Therefore, the capacity curves of the reservoir were obtained, and the volumes of sedimentary materials were estimated.
Filtered data were entered into ArcGIS 10.5, to create a triangulated irregular network (TIN) which is a representation of a continuous surface consisting entirely of triangular facets for the visualization and calculation of volume using a Python script developed with the ArcGiS 10.5 model builder. An example of a height-volume curve in the Santomera reservoir is shown in Figure 9 .
considering two different bathymetries (old and recent), the loss of storage capacity of the reservoirs can be estimated.
where Vi = volume between elevations i and i+1; h = distance between consecutive elevation curves (m); Si = area delimited by the elevation curve i; and Si+1 = area delimited by the elevation curve i+1.
The total volume will be ( Figure 9 ):
where V = current volume in the reservoir (m 3 ); Vi = volume in the elevation i; a = height of the deepest curve (m); and m = height of the maximum level of the reservoir (m).
Figure 9.
Height-volume curves in the Santomera reservoir. The height is referred to the sea level in Alicante.
Results and Discussion
The 36 reservoirs of the SRB currently have a regulation capacity of 1.141 × 10 9 m 3 and occupy 7334 ha (Table 6) . Considering these reservoirs, the bathymetries of 21 of them have been updated, which represents an updated topo-bathymetric surface of 2432 ha and a modeled storage volume of 1.6068 × 10 8 m 3 , accounting for 33% of the total water surface area of the reservoirs in the SRB. The results show that there is a very close relationship between the age of the constructions and the accumulated loss of capacity. As an example, the digital models of the elevations obtained in six reservoirs, updated using USV, are shown in Figure 10 . The following Equation (1) relates depth with volume [25] . If this equation is applied considering two different bathymetries (old and recent), the loss of storage capacity of the reservoirs can be estimated.
where V i = volume between elevations i and i + 1; h = distance between consecutive elevation curves (m); S i = area delimited by the elevation curve i; and S i+1 = area delimited by the elevation curve i + 1. The total volume will be ( Figure 9 ):
where V = current volume in the reservoir (m 3 ); V i = volume in the elevation i; a = height of the deepest curve (m); and m = height of the maximum level of the reservoir (m).
The 36 reservoirs of the SRB currently have a regulation capacity of 1.141 × 10 9 m 3 and occupy 7334 ha (Table 6) . Considering these reservoirs, the bathymetries of 21 of them have been updated, which represents an updated topo-bathymetric surface of 2432 ha and a modeled storage volume of 1.6068 × 10 8 m 3 , accounting for 33% of the total water surface area of the reservoirs in the SRB. The results show that there is a very close relationship between the age of the constructions and the accumulated loss of capacity. As an example, the digital models of the elevations obtained in six reservoirs, updated using USV, are shown in Figure 10 . Five water reservoirs of different ages were selected, and the determination coefficient between the age and the annual loss rate was assessed (Figure 11 ). The main results from this research are: (a) reservoir silting has a relevant impact on water availability in the SRB; and (b) field surveys of five basins showed an average annual reservoir storage capacity reduction of 0.33%, equivalent to the average annual rate obtained for the most representative reservoirs in this area (Figure 11 ), although in some reservoirs surrounded by marly soils, these values were higher, exceeding 1%.
The accumulated storage capacity loss data of the most representative reservoirs of the basin as a whole are summarized in Table 7 . Cárcabo had the highest annual rate of storage capacity loss (0.49%), although it is not the oldest reservoir. Valdeinfierno reservoir (119 years old) exhibited the highest accumulated storage capacity loss (40.77%), with an annual loss rate of 0.34%. Figure 11 Five water reservoirs of different ages were selected, and the determination coefficient between the age and the annual loss rate was assessed (Figure 11 ). The main results from this research are: (a) reservoir silting has a relevant impact on water availability in the SRB; and (b) field surveys of five basins showed an average annual reservoir storage capacity reduction of 0.33%, equivalent to the average annual rate obtained for the most representative reservoirs in this area (Figure 11 ), although in some reservoirs surrounded by marly soils, these values were higher, exceeding 1%. 
Conclusions
The sensorized drones based on OpenSource technology are a very valuable tool that can provide digital models of reservoir surfaces with a high spatial and altimetric resolution. The LiDAR data provided by the National Plan of Aerial Orthophotography of the Spanish National Geographic Institute are a good improvement for digital terrain model analysis. The proposed methodology represents a novel approach in comparison with topographical techniques (a manned vessel with GPS and a depth gauge). Therefore, with lower costs and less human effort, updated digital models of reservoir surfaces are obtained with high precision.
The development of systems based on Ardupilot has proven to be very versatile, with low costs of development and operation, high-quality performance, and high effectiveness in the performance of topo-bathymetric work in reservoirs and coastal areas.
The cost of the design and manufacture of the Sony QX1 camera and its integration in the UAV designed by Droning (D-820) was 14,500 euros. The cost of the design and manufacture of the Airmar bathymetric probe and its integration in the USV designed by Intelia (Mambo) was 12,500 euros. The design and manufacture of the Airmar bathymetric probe and its integration in the ROV designed by Nido Robotics (Sibiu) cost 9500 euros. The amounted to of obtaining the photogrammetric products (orthoimage and digital terrain model) with a resolution of 5 cm for each reservoir, using a UAV at a height of 120 m, was 60 euros/ha and the throwput was 50 ha/day; the time needed for the whole process was five days. The cost of obtaining the photogrammetric products (orthoimage and digital terrain model) with a resolution of 20 cm, using a plane with APM software at a height of 200 m, was 20 euros/ha and the yield was 500 ha/day for the reservoir vessel; the time needed for the process was 10 days. The cost of obtaining the bathymetric products (digital terrain model) with a resolution of 1 m, using a USV, was 40 euros/ha and the yield was 50 ha/day; the time needed for the process was five days. The costs of these bathymetric techniques using drones are 75% lower than for traditional bathymetry.
The results obtained show that the sedimentation processes occurring in reservoirs have produced a considerable reduction in their storage capacity. The erosion rate in the SRB has been estimated according to the volume of the reservoirs and has been compared with data obtained using other methods [26] ; the measurement of a 137 Cs profile for the sediment in the Puentes reservoir made it possible to establish that, in the last 40 years, about 3 m of sediment have been deposited therein. The sediment accumulation rate during the period 1954-1994 was determined using sedimentological criteria [30] . Table 8 The accumulated storage capacity loss data of the most representative reservoirs of the basin as a whole are summarized in Table 7 . Cárcabo had the highest annual rate of storage capacity loss (0.49%), although it is not the oldest reservoir. Valdeinfierno reservoir (119 years old) exhibited the highest accumulated storage capacity loss (40.77%), with an annual loss rate of 0.34%. Figure 11 presents the relationship between the accumulated loss and the age of the five representative reservoirs (included in Table 7 ). 
The cost of the design and manufacture of the Sony QX1 camera and its integration in the UAV designed by Droning (D-820) was 14,500 euros. The cost of the design and manufacture of the Airmar bathymetric probe and its integration in the USV designed by Intelia (Mambo) was 12,500 euros.
The design and manufacture of the Airmar bathymetric probe and its integration in the ROV designed by Nido Robotics (Sibiu) cost 9500 euros. The amounted to of obtaining the photogrammetric products (orthoimage and digital terrain model) with a resolution of 5 cm for each reservoir, using a UAV at a height of 120 m, was 60 euros/ha and the throwput was 50 ha/day; the time needed for the whole process was five days. The cost of obtaining the photogrammetric products (orthoimage and digital terrain model) with a resolution of 20 cm, using a plane with APM software at a height of 200 m, was 20 euros/ha and the yield was 500 ha/day for the reservoir vessel; the time needed for the process was 10 days. The cost of obtaining the bathymetric products (digital terrain model) with a resolution of 1 m, using a USV, was 40 euros/ha and the yield was 50 ha/day; the time needed for the process was five days. The costs of these bathymetric techniques using drones are 75% lower than for traditional bathymetry.
The results obtained show that the sedimentation processes occurring in reservoirs have produced a considerable reduction in their storage capacity. The erosion rate in the SRB has been estimated according to the volume of the reservoirs and has been compared with data obtained using other methods [26] ; the measurement of a 137 Cs profile for the sediment in the Puentes reservoir made it possible to establish that, in the last 40 years, about 3 m of sediment have been deposited therein. The sediment accumulation rate during the period 1954-1994 was determined using sedimentological criteria [30] . Table 8 presents the accumulated storage capacity loss estimated from the bathymetries of three reservoirs, performed in 1976. These technologies can be complemented by other emerging technologies, although they have lower altimetric precision, such as those based on high-resolution optical remote sensing satellite images and USV sounding data [31] [32] [33] .
In conclusion, a novel methodology has been presented that improves on the traditional methods used to update the characterization of water reservoirs (bathymetry and surface area). Improvements in the understanding and monitoring of the processes that produce an important storage capacity loss in the water reservoirs of semiarid basins, such as the SRB, will allow the implementation of correction measures. Measures such as hydrological forest restoration dams could be beneficial for semiarid basins of the southern Mediterranean region with high rates of erosion. The present work provides the methodology to reach this challenging aim. 
